We present 23-GHz MERLIN observations of the high-luminosity radio galaxy PKS 1117+146. The radio image obtained from these data shows, for the first time, a central weak component (designated C) that we identify as the core of the radio galaxy, and two outer components (designated N and S) which are the hotspots of the extended lobes observed at lower frequencies. Extended emission in components C and S is an indication of a possible jet connecting the core to the strongest component. The overall optical and radio properties of PKS 1117+146 are consistent with the source being classified as a compact symmetric object (CSO). We discuss this hypothesis, which would make PKS 1117+146 the largest CSO known so far.
I N T R O D U C T I O N
Symmetric radio emission on sub-kpc scales is rarely observed in active galactic nuclei. The main exceptions to this rule are the 'compact symmetric objects' (CSOs), in which high luminosity lobes are seen on both sides of a weak radio core on scales less than 1 kpc (Readhead, Pearson & Unwin 1984; Conway et al. 1992; Taylor, Readhead & Pearson 1996; Readhead et al. 1996a) . It has been demonstrated that relativistic beaming plays at most a minor role in CSOs (Wilkinson et al. 1994) , and this is consistent with the detection of subluminal motion in the cores of two CSOs (Conway et al. 1992) . Moreover, CSOs show low polarization and low intrinsic variability, which are frequent signatures of relativistic beamed radio emission.
So far there are five confirmed CSOs and two candidates from the PR survey, and about 30 CSO candidates from CJ1 and CJ2 surveys (Readhead et al. 1996a ). Four of the five confirmed CSOs are optically identified with elliptical galaxies with a fairly red continuum.
Based on the properties of their radio spectrum, all the CSOs discovered so far belong to the class of the GigaHertz peaked spectrum (GPS) sources (Stanghellini et al. 1990 ). The GPS are powerful and physically small (Յ1 kpc) radio sources with turnovers in their radio spectra at n ϳ 1 GHz (Rudnick & Jones 1982; Gopal-Krishna, Patnaik & Steppe 1983; Spoelstra, Patnaik & Gopal-Krishna 1985) , and make up significant fractions (ϳ10 per cent) of the bright high frequency selected radio sources. The spectral turnover is most probably caused by synchrotron selfabsorption (Mutel, Hodges & Phillips 1985; Hodges, Mutel & Phillips 1984 ; O'Dea, Baum & Stanghellini 1991) . The compactness of the GPS radio sources and CSOs can be explained in terms of the 'frustrated source' model, or in terms of the 'young source' scenario. In the former case, the source remains compact because it is confined by an exceptionally dense circumnuclear gas (van Bruegel, Miley, & Heckman 1984; Wilkinson et al. 1984; Fanti et al. 1990; Baum et al. 1990; O'Dea et al. 1991; Carvalho 1994) . In this case the sources will never evolve into large-scale doubles. Alternatively, the radio sources are compact because they are relatively young (age < 10 4¹5 years) and have therefore not yet expanded to larger sizes (Philips & Mutel 1982; Carvalho 1985; Hodges & Mutel 1987; De Young 1993; Fanti et al. 1995; Readhead et al. 1996a, b) . In this scenario the GPS sources and CSOs might become the large-scale powerful FR II (Fanaroff & Riley 1974) radio sources.
The radio source PKS 1117+146 is identified with a 20th red magnitude galaxy (Wills, Wills & Douglas 1973; O'Dea et al. 1996) and q 0 ¼ 0:5. The monochromatic radio luminosity at 327 MHz, L ¼ 5:4 × 10 26 W Hz ¹1 , is much greater than the boundary luminosity between FR class I and II radio source (Fanaroff & Riley 1974) , thus putting the source in the FR II category.
PKS 1117+146 has been classified as a GPS radio source (O'Dea et al. 1991) having an integrated spectrum with a turnover at about 400 MHz and a spectral index in the optically thin region of about 0.7. It is also a low frequency variable (LFV) with no sign of variability at n > 1 GHz (Padrielli et al. 1987; Ghosh, GopalKrishna & Rao 1994; Mitchell et al. 1994) . The low frequency variability is compatible with being extrinsic and arising from refractive interstellar scintillation as the radio waves propagate through the interstellar medium of our Galaxy (Shapirovskaya 1978; Rickett, Coles & Burgois 1984) . The amplitude and timescale of the variability depend on the wavelength of observation, the angular size of the radio source, and the physical and dynamical properties of the interstellar medium along the line of sight (Rickett 1990) . The amplitude of the varibility is greater at longer wavelengths and for more compact radio sources.
R A D I O S T R U C T U R E
The source PKS 1117+146 has been imaged at decametric wavelengths with various arrays and resolutions.
L band (20 cm) VLA observations detected an unresolved compact component without arcsec-scale extended emission (Perley 1982; Murphy, Browne & Perley 1993) .
At sub-arcsec resolution, PKS 1117+146 has been observed in global very long baseline interferometry (VLBI) experiments at 327, 608, and 1667 MHz using the standard Mk2 1.8-MHz bandwidth recording system (Clark 1973) . Padrielli et al. (1991) observed the source in 1988 June at 608 MHz. Their map shows two bright components slightly resolved and separated by 69 Ϯ 4 mas in position angle Ӎ ¹ 68
• . The southern component is the brighter one, and the flux ratio between the two components is 1.3. The double radio structure of the source was confirmed by the 327-MHz map published by Altschuler et al. (1995) from observations made in 1986 March. The separation and position angle of the two components are in agreement with those found at 608 MHz, but Altschuler and collaborators found the northern component to be the brighter of the two. The image obtained from the 327 MHz data is reproduced in Fig. 1 
(a).
Considering the difference in epoch between the 327-MHz and 608-MHz observations, and the extremely high variability of the source at n < 1 GHz (Ghosh et al. 1994; Spangler et al. 1993; Mitchell et al. 1994) , it is hard to say whether the flux density difference in the components is a result of spectral effects or simply of different scintillation behaviour. In fact, refractive scintillation is produced by large-scale (ϳ10 14 cm) plasma density irregularities modelled in a thin or thick screen located at a distance ranging from 0 to 500 pc from the observer, which corresponds to angular sizes of the order of tens of milliarcseconds. So the two components can be observed through uncorrelated patches of ISM and can therefore display different variability, i.e. one component can increase its flux while the other is constant or decreasing.
Higher-frequency VLBI observations at 1667 MHz have been published by Sanghera et al. (1995) . The published image (reproduced in Fig. 1b) clearly shows that the two components are resolved and have lobe-like morphology with no apparent core component.
Three epoch observations at the non-standard frequency of 932 MHz have been obtained with a global VLBI array consisting of four antennas (Bååth 1988) . These images are roughly in agreement with the double structure shown at 327, 608, and 1667 MHz, but they also show substantial differences among the epochs. The most plausible explanation is that the structural variations are an effect of the poor u-v coverage and miscalibration problems in the 932-MHz data.
The basic question concerning the interpretation of the radio structure of PKS 1117+146 is whether the individual components are both powered by a common central engine (a weak radio core with a highly inverted spectrum), or whether one component can be classified as a part of the jet while the other is a radio core. The identification of the core is often determined by comparing the spectral indices of the various components. Sanghera et al. (1995) have determined the spectral indices of the northern and southern components between 608 and 1667 MHz, and they found a Ӎ 0:42 and a Ӎ 0:35 respectively (using S ϰ n ¹a ). These values are flatter than those found in the lobes of the luminous extended double radio sources. It is possible that the spectral index is underestimated, being the two frequencies relatively close to the turnover region. Another problem in calculating the spectral index using low frequency data is that the 608-MHz flux density of the components can be strongly affected by refractive scintillation, making the derived spectral indices unreliable.
In order to study PKS 1117þ146 at high frequency and good resolution, we conducted MERLIN observations at 23 GHz.
M E R L I N O B S E RVAT I O N S A N D R E D U C T I O N
MERLIN observed for the first time at 23 GHz as an imaging array in the first semester of 1994 using five telescopes (Cambridge, Knockin, Darnhall, Mk2, Tabley). Observations of PKS 1117þ146 were carried out on 1994 March 8. A bandwidth of 15 MHz in each of left and right circular polarizations was used, centred on 22.993 GHz. The data were phase calibrated using the nearby calibrator 1116þ128, with a cycle time of 3 min on source to 2 min on the calibrator. The total run lasted for 12 h, with a data integration time of 8 s.
The data were edited, corrected for elevation-dependent effects, non-closing errors and bandpass response, and flux-calibrated using the standard MERLIN analysis programs and the NRAO AIPS reduction package. The bandpass and non-closing corrections, and the flux-density scale were determined from the strong point source 0552þ398, assuming a flux density of 4.5 Jy derived from an Effelsberg single dish observation during a VLBI session carried out a few months earlier. The phase calibrator was self-calibrated and the resulting phase solutions were applied to the 1117þ146 data set. This was further improved with several cycles of phase self-calibration and a final cycle of amplitude self-calibration. The instrumental polarization was determined from 1116þ128, and the polarization position angle was calibrated using 3C 286. No significant linear polarization (5j P ¼ 4 mJy beam ¹1 ) was detected on the source.
The uniform weighted, total intensity MERLIN contour map is shown in Fig. 2 . The map was restored with a circular beam of 10 mas, and has a rms noise of 0.40 mJy beam ¹1 .
R E S U LT S A N D D I S C U S S I O N
The MERLIN 23-GHz map reveals for the first time a weak and compact (Յ2 mas) central component with a total flux density of about 15 mJy (labelled C in Fig. 2 ). Elongated emission from the the central to the southern component suggests the possibility of a jet connecting the core to the brighter lobe. A tapered image clearly shows that the central and southern components are connected by a jet or a bridge, and also that the northern component has some extended emission elongated in the direction of the core. The total flux density at 23 GHz is 170 mJy. The flux densities (S), angular sizes (r), separations (d), and position angles of the two main components derived from VLBI and MERLIN maps are listed in Table 1 . From Table 1 we note that the position angle between the outer components, N and S, is constant, within measurement errors, at all the frequencies, while the separation between the peak flux densities significantly increases at higher frequencies. This suggests that at higher frequencies we are resolving out the diffuse lobe emission and we detect the flatter spectrum leading edges of the lobes, i.e. the hotspots. A similar effect is known in the well studied case of 3C 345 (Biretta, Moore & Cohen 1986) , and other sources (e.g. 0646+600, Akujor, Porcas & Smoker 1996) . The MERLIN map at 23 GHz seems to rule out the possibility that the morphology of PKS 1117+146 is caused by gravitational lensing.
We do not have multifrequency observations that allow us to identify the central component with the core but its compactness at 23 GHz and the overall morphology of PKS 1117+147 leave few doubts that it must be the core. Alternatively, the middle component could be a bright region in the jet, as observed, at lower frequencies, in other CSOs (Taylor et al. 1996) . PKS 1117+146 with a total extent of about 250 pc, and a triple morphology can be classified as the largest CSO. This statement is supported by several pieces of 562 M. Bondi, M. A. Garrett and L. I. Gurvits ᭧ 1998 RAS, MNRAS 297, 559-564 evidence which are common to PKS 1117+146 and to all the other CSOs (we refer to Readhead et al. 1996a for a detailed description of the physical properties of CSOs).
(i) PKS 1117+146 is a high luminosity object. The monochromatic power evaluated at 5 GHz in the emitted frame is 1 × 10 26 W Hz ¹1 which is in agreement with those found for other CSOs (in the range 10 26 ¹ 1 × 10 27 W Hz ¹1 ). (ii) There is a hint of jet-counterjet asymmetry, and the main jet appears to be pointed towards the stronger hot spot in the southern component.
(iii) We failed to detect any significant polarized flux at 23 GHz (5j P ¼ 4 mJy beam ¹1 ). This is consistent with single dish observations at 10 GHz which found fractional polarization less than 1 per cent (Inoue et al. 1995) .
(iv) PKS 1117+146 is strongly variable at low frequencies (n < 1 GHz) but its variability is extrinsic to the source; at higher frequencies (n > 5 GHz) the source has been monitored for several years and found not to be variable (Padrielli et al. 1987) .
(v) The ratio of the two arm lengths is 1.2, an average value for five CSOs from the PR sample is 1:2 Ϯ 0:07 (Readhead et al. 1996a) .
(vi) The parent object of PKS 1117+146 is an elliptical galaxy with distorted morphology and possible companions (O'Dea et al. 1996) .
We use the 18-cm VLBI data from Sanghera et al. (1995) and the data presented in this paper to calculate the physical parameters in the lobes and in the hotspots respectively following the standard minimum energy formulas (e.g. Miley 1980) . These figures assume an electron-positron plasma (k ¼ 0), equipartition between energy and magnetic field, a homogenous and spherical synchrotron source with a filling factor equal to unity, and a spectral index of 0.7.
We transformed the Gaussian FWHM to diameters of a uniform spherical source increasing the geometrical average between the major and minor axis by a factor of 1.8. Column 3 of Table 2 lists the radius of the spherical component. We have calculated the minimum energy magnetic field (column 4) and the energy density (column 5). For the hotspots we also show the distance from the core in parsecs (column 2) and the thrust of the hotspot (column 6), this is defined as
where r is the radius of the hotspot and p its minimum energy pressure (p ¼ u min =3). Readhead et al. (1996b) have presented a detailed analysis of the physical properties of three CSOs and have modelled the ram pressure confinement of the hotspots. They find that the thrust in the hotspots ranges from 8 × 10 32 to 6 × 10 33 dyne, in agreement with the values we derive for PKS 1117+146. The pressure in the hotspot of PKS 1117+146 is lower than those derived in other CSOs, ranging from 3 × 10 ¹6 dyne cm ¹2 to 1 × 10 ¹4 dyne cm ¹2 , but this is consistent with the higher distance from the core for the hotspots of PKS 1117+146: 120 ¹ 150 pc compared with values from 10 to 60 pc for other CSOs (Readhead et al 1996b) .
SUMMARY
We have presented 23-GHz MERLIN observations of the GPS radio galaxy PKS 1117+146. These observations have allowed the identification of a weak core between the two main components and a probable jet connecting the core with the southern hotspot. At this frequency we resolve out almost all of the lobes and detect two compact hotspots. The linear sizes (< 1 kpc) and radio morphology of PKS 1117+146 are characteristic of a class of compact powerful radio sources known as CSOs. Moreover, PKS 1117+146 represents the largest CSO known so far. It might be a more 'evolved' CSO, having linear size and hotspot diameters larger than those found in the PR CSOs (Readhead et al. 1996b ). We derived the physical parameters of the hotspots in PKS 1117+146 and found them in agreement with those of other CSOs.
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